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; 15 AND 30 CPS SOUND PROPAGATION
| AT A LOCATION NEAR THE ENTRANCE
] TC NEW YORK HARBOR

by

G. E. Becker and R. 0. Carlson

ABSTRACT

The propagation of sound at 15 cps and 30 cps has heen studé-

i ied in shallow water near the entrance tc New York Harbor, The

operations area war 5 miles east of Ambrose Light and 8 milcs south

of the southern shore of Long Island. The water depth was approx-

i imatetv 80 feet. The waler ond bottom layers were enfficlently con-

x stan® 1n thickness tr he =»enregsented by a simnie ~orgllel-layer mod-
. 2l in theoretical work. The sound source wae ~-erated &* = depth

of 42 feet, and moest of ti. sound level measurements were made at

e this same depth.

¥ Curves are presented which give the sound level as a function

7

of range out to 6000 yards. The follecwing general concluslons may

SECURITY TNFORMATION

; be drawn:
I i
} 1. The expected interference mexima and minima uare observed,
i 3
. { corresponding to changes in level of 20 db for changes in
i £
- g range as small as 50 yards.
; &
! ij 2. In the range out to 6000 yards, there are approximately
1 5 .
.i i three ftimeg ae nmany major dips at 15 cps as at 30 cps.
» .
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| - . S. At 15 cps, there 1s a broad minimum, or seriee of clos:cly
~{ spaced minima, in the range from 300 tc 900 yards. For
- this same range, only a gradual decrease 1s observed at
30 cpsa.
4. Azimuthal symmetry 1s observed at 15 cps, except for one
)
major &4ip et 1400 yards which i1s observed tc the south
but not to the north. At 30 cps, insufficient data are
st land to permit a definite conclusion regarding azl-
i P muthal symmetry.
. ‘
5. The average sound pressure obeye a (1/R) law very cioasly
) in the range from 1000 to 6000 yards at beth 30 cps and
’ 15 cps. A (1/4R) law, corresponding to cylindrical spread-
: ing, can be definitely excluded.

' 6. In the range from 100 to 1000 yards, the (1/R) law for pres-
: : sure holds fairly well at 30 cpe, but at 15 aps the sound
) g
! E level is much lower than would be expected with a (1/R) law.
i
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Irtroduction

5 A report has been made on the propagation of 30 cps sound 1in
the waters of Long Island Sound.(l) The attempt to make a detallzd
comparison of theoretical and experimentel results for thls area
was only partly successful because the bottom conditions were t00

‘ irregular tc be described by any reasonably simple model. There-

fore, 1t was dccided to make measurements 1n an area for which a

parallel-layer model would be a better approximation, and for which

the bottcm conditions could be determined by refraction shcoting.
With all experimental parameters well-determined, it should te pos-
slble to check the thecry, and to decide on the feasibillity of us-

, ing the theory to make predictions about low frequency sound flelds
i1 shallow water with verious bottom ccnditions. Since it could not

be expected that the theory would make possible detalled predictions

sbout sll areas of interest because of irregular boundary conditions,

1t was hoped that the experience gained in this experimental work

——— -
.

would lead to the development ¢’ » gimple and qQuick vrocedure for

yor

messuring sound fielde in thesé areas.

The site picked for th2se measurementa was &bout 5 miles east

of Ambrose Lightehin, arn’ & sitites -~~uth of Long Beach, on the south-

. ey sem Smes ww e
Al

ern shore of Long Island. This area is cf direci interest in re-

j gard to minesweepling problems in the approaches to New York Harbor.

: 4 The analyesis of the shot records which yield informetion about
;-

the hottom layere, and the theoretical caiculationg based on a suit-

able model, will be published in separate reports.(z)
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Rxnerimpental Method

A source was mailntalned at constant frequency in a nearly
fixed posltion. The listening hydrophone was moved on an approx-
imately radlal path, carried alcng by a small boat which was moved
at alow speed by the wind and current. The path of the small boat
was determined with varlous navigational alds. The hydrophone sig-
nal was flltered and amplified, and meter readings were recorded by
an observer at intervale frequent enough to snow ail siguificanty

changes 1n sound level.

Apparatus

Orie shlp and iwo small boats were used in this cperation. The
sound source was operated from the 140 foot USS ALLEGHENY (ATA-179),
which was anchored at bow and stern to keep its posltion nearly
fixed. The ALLEGHENY occupled her anchored position ncar a special
buoy placed by the Coast Guard at Lat. 40°27:55" N and Long. 73%41°
40" W, with a maximum error in position frem day to day estimated
to be in the order of magnitude of 100 yarde. The hydrophones were

operated from two 40 foot boats. Crude salls were ilmprovised for

these boats to produce greater speed when wind and current were weak.

The distance of each small boat from the source was determined
chiefly with the radar on the ALLEGHENY. At small distances, stadi-
meter and sextant readlngs were made, The true bearing of each

small boat was determined with the gyro-compass and pelorus on the
ALLEGHENY.
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U8 Navy A Mark 6(b) acoustic minesweepers were used as sound

2 sources. The 30 cps source has bheen described in an earlier re-

port,(s) The sound power output waa about 200 watta. The frequén-

cy was held to 30 cps within : .005 cps. For the 15 c¢ps source,man-

val control of the field current in the DC motor was sufficient to

hold the frequency constant within *¥ 0.05 cps for long periods of
| ¢ time.

The amplitude of the 15 cps source was made to be 0.5 inch,

four times that of the 30 cps source, so that the power outputs

would be approximately the same at the two frequencles. Actual

measuremente close to the sources 1lndicated that the presaure lev-

el was about 10 db lower at 15 cps.

i Brush type AX-58-C hydrophones were used ag detectors. Ab-
solute levels were obtalned by direct comparisor. of the Brusk unit

with a calibrated Massa hydrophone. The Brush hydrophone was sus-

pended in the water at a constant depth for a given drift run by
one of the two rigs 1llustrated in Fig. 1. When the hydrophone was

suspended from a boom on the small boat, rocking and pitching me-

FYEy

tions caused erratic changee in the hydrophone depth, and corres-

poriding fluctuations in meter readings. The procedure of suspend-

i ing the hydrophone from a float which was towed by the small boat
eliminated much of this difficulty.
; The hydrophornie cable itself wae never allowed to become taut.
§ As shown in Flig. lA, a steel wire was stretched taut and held ver-
f Tically by a 30 1b weight. The hydrophone wae attached to this
t welight 8o that 1t remained at constant depth, and enough hydro-
? phone cable was pald out sc that the cable remained slack in the
a é | CONFIDENTIAL
4 SECURITY INFORMATION ;
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water. The weighted strsamlined housing for the hydrophone, shown

in Figs. 1B and 2, was designed to produce a smoother motion through

the water, thus reducing water nois2. The actual improvement noted

with this housing was not great at the towing speeds involved (one

knot or less).

Fig. & shows a b

lock diagram cf the equipment used in the small

boat. All of this equipment was battery operated. The diagram for

the selective amplifier is given in Fig. 4. The circuit has atrong

negative feedback at &ll frequencies,except the one determined by

the "Twin-T" section. The gain of the selective amplifier was check-

ed frequently with the calibrating equipment shewn in Fig. 3, and
was found to be quite constant and reproducible from day to day. The
galn of the amplifier was of the order of 50 db, and ihe effective
Q was sbout 40. The corresponding band width was 0.8 cps at S0 cps
and 0.4 cps &t 15 ops. With this degree of filtering, it was pos-
sible to work out to rangss of several milez in spite of the noise

produced by heavy shipping traffic in the area.

Procedure

The work was sarried out during the morth of July, 1953. The
ALLEGHERY and small boats went out and returned to the base at Floyd
Fileld 220k day. Seven days were devoted to work at 30 cps,

and 8lx at 15 ops. ©On the average, the sound source was cperated

for 4 172 nours sach day.

A source depth of 42 feet was used at &ll timeg. Drift runs

CORFIDENTIAL
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were made with the detecting hydrophone &t 42 feet and also at 69
feet. 1In additlon, a number of vertical traverses were made.
Ordinsarily, the small boats ttarted from a point near the
source and moved away on a radial course determined by the wind
and the current. If these changed directions during a run, the
ship track wae no longer on the desired radial one. On several
occasions, the small boats were nearly becalmed. The diesel en-
gines in the small boats could not be used because of the nolse
which they produced and also because their use would make the
boat speed three knots or greater. A speed of one knot could not
be exceeded without introducing excessive apparent fluctuations
in level resulting from ceble strumming and hydrophone motions in
the water.
During the 3C cps work, wind and current were such that meas-
urcments were almost entirely confined to the NE and SW quadrants.
At 15 cps, meagurements were made in all four quadrants. The tracks

of the small boats are shown in Flgs. 5 and 6.

Preciglon of Messurements

\s long as the sound level was about 20 db above background,
the meaaurenents were found to be reproducible with * 1 db. There
were a numver of instances in which a measurement of scund ievel
was made at a given point, on ditferent days, with different hydro-
phones and metera. 1In all such cases, the measurements wevre found
tc be reproducible within the limits stated above. Meter fluctua-

CONFIDENTIAL
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tions became greater as the signel strength decreased, becausc the 1

gl background level fluctuated typically by * 5 db. The observer was
required to make a mental average of these readings. Hence, any
cne recorded level for weak slgnals may easily be in error by b db.
Possible errors resulting from background fluctuations rapldly be-
came négligible as slgnal strength increased.

Further evidence regarding the reproducibility of measurements
is givern in Flg., 7. Curves showing the sound level as a function
of range are plotted for three runs made on approximately the same

! : bearing (from 295° to 310°). The same prominent featurés appear on
each curve. 8mall differences in the positions of minima may be

5 ascribed to errors in range measurement or to reul shifte because

of difference in bearing.

—

The background levels indicated in Figs. 7 and 8 were dster-

a v v

mined when the sound socurce was turned off. Meter readings fluctu-

ated in the ranges indicated, wccaeicnelly reaching the upper limit
shown, but usually remaining ciouse to the lower limit.

Abgolute levels are dependent on the manufacturer's calibra-

tion of the Massa hydrophcone and pre-amplifler, which was used as
a standard Tor the callbration of the Brush AX.58-C units.

Radar ranges should be accurate to within * 50 yards, espe-
clally after a smoothing process based ¢n the assumption of no rap-
14 changes 1in drift rate. At a range of about 60C yards, the radar
range could be compared with stadimeter readings, and the two usual-
ly agreed within ! 50 yards. There was no check cn the absclute ac-

curacy of the radar at large ranges.

CONFIDENTIAL
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Results

Tre degree of symmetry with azimuth which was observed is
illustrated by ihe curves in Fig. 8. The four runs were made 1in
four different quadrants. Except for the differences near 1400
yards, the same prominent features appear on all these curves.
{ That is, the number and position of the major dips, peaks, and
plateaus are nearliy the same. The differences which do appear
may be attributed to local bottom irregularities and to the fact
that the water and bottom layers are actually wedge-shaped, rather

: ; (2)

than of constant thickness. The only obvious clue to the &if-

ferences near 1400 yards 1s that runs B30 and R24 were made in the

southern quadrants and RS0 and RZ2Z were made 1n the northern quad-
rants. Thie suggests that some difference in bottom conditions !
] . may have given rise to tne differences in the curves.

The high degres of similarity of the curves for all azimuths

“i makes it possible to draw a *ree-hand composite curve for 15 cps,
i £ shown in Fig. 9. This appeare to be the best method of present-
; ¥ ing an average curve for a given frequency. since one can make a
é 3 rather accurate niental average feor the pceition and magnitude of
‘3 E each maj)or peak ¢r dip. The subjective element involved is not

; é large. The curve for 15 opa given in Fig. 9 1s considered to be

the best single curve which can be drawn to present the experi-
mental results at this frequency. This curve is drawn double-
valued in the range near 1400 yards for the reason given in the
prreceding paragraph.

CONFIDENTIAL
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At 30 cps, measurements werc confined to the NE and SW quad-
rante. Symmetry with azimuth i1s not apparent from the curves

which were taken. It 1s Gifficult to decide whether this 18 a
real differernce frbm the sltuation at 15 cps, which seems unlike-
ly, or simply the result of inadequate coverage of azimuth, with
a few non-typical curves produced by bottom irregularities. The
composite curve given in Fig. 9 for 30 cps applies only to the NE

quadrant.

Another kind of average curve may be drawn which doee not 1n-

volve any subjective element. All observed pointe at a given fre-

quency and given range may be averaged. This was done at 50 yard

intervais, with the results shown in Fig. 10. It is obvious that
thle stralghiiors;ard =averaging procedure has the effect of washing-
A

cut maxima and miniaa. there are no major dipe eshown

on the 15 cps curve beyond 3000 yards, although such dips were ac-
ved on sach run. It is most probable that the wedge
of the water and bottom layers caused sufficlent relative
displacemente of the dips at large ranges so that a falrly smooth
curve wasd produced when date for all directilons were averaged.
Nevertheless, the curves in Fig. 10 &are proauced by a systematic
averaging of all the data at each frequsncy, and are useful for

determining the average rate of decay of the sound level.

|
|
|
|
i

The two curves in Fig. 10 are re-plotted separately in Figs.
11 and 12, along with curves corresponding to cylindrical (Preaesurs
i/2
proportional to 1/R 24 ) and spherical {(Preassure proportional to

1/R decay laws.
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At 30 ¢ps, several runs were made with the hydrophone at 63

feet. Except for a generally higher sound level, no significant
¢ , differences from the results at 42 feet were observed. Fig. 13
gives the resulte for two runs made in the same general direction
(bearing 0° to 40°), one with the hydrophone at 63 feet and one at
42 feet.
[ A nuaber of vertical traverses were made at distances in the
range from 1v tc 880 yards. In each case, a steady increase in
f level was observed as the hydrophone was lowered from the sgurface
b to the bottom. A typical curve 18 glven in Fig. 1l4.
?
' Discussion
§ A comparison of these results with those based on theory will
Ué made in s seperste report. The chief conclusions which should
¥ be explicable on & theoretical basis are the rollowing: ]
¥
i 1. There is a striking differsnce in the decay curves for 15 |

cps and 30 ops in the range from 100 to 1000 yards. ]

i B AT New TR IR .

2. The change in sound level with range seems to obey a
sphei-Acal spreasding law (Precsure proporticnsl to 1/R)

for ranges from 1000 to 6000 yards. J

- - —-.‘7«-.

7

3. Thore szre about three times as many major dips at 15 cps
&9 at 30 ops in the range from C tc 6000 yards.
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SECURITY INFORMATION

=
b

| R BBy o oy e e
; "

Y

e 8 vt e Ak B

R T Y




ooy CONFIDENTIAL - 15 -
REFERENCES
S 1. G. E. Becker, R. 0. Carlson, R. A. Frosch, and H. L. Poes,

Columbla University, Hudson Laboratories. Technical report
no. 9, &0 cps sound propagation in shallow water. April 15,

1963.
2. R. 0. Carlison and M. V. Brown, Columbia University, Hudson
| Laboratories. Technical report no. l4, 8hot refraction pro-
f files in the Atlantic Coastal Plain 6 miles east of Ambrose

Lightship. November 10, 19563.
3. H. C. Beck and H. Sonnesann, Columbia University, Hudson
Laboratories, Technical report no. 8, Conversion of the

A Mark 6(b) minesweeping gear to a 30 cycle sound source.
{ February 10, 19535.

H ® % % %@

ACKNOWLEDGEMENTS

The follr_\tg}_ng membara of the ataff of Hudson Laboratories

: E rendered invaluable assistance in ccnducting the exper-~
: i imental wori: &B. Frasscttc, L. P. Goldberg, M. A. Hail,
1 3 G. L. Hessae, F. K. Levin, D. D. Mitchell, D. P. Mitchell
E. T. O'Nei1l1l., H. Schimmel, J. L. Smith, and J. Spir:.

i S 3 : F
L
bl

4

| &

"
I * ?

o
] E
| ¢
e
I E

.1. {

] : t v '.’4 ! Loy
. SEGUATTY  THecsn 377 o
[ 4

e O R S T reame g ; NSRRI TRt
B e i : FRe. e




rm" e ’ Mot -~ ol G e TS AR A B e )
-ﬁ CONFIDENTIAL -16-
1R - HYDROPHONE SUSPENSION SYSTEMS
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